The Compatibility of Grafting between R. serpentina and R. verticilata by Wartoyo, et al.
Journal of Biotechnology and Biodiversity, April 2011; 2: 32-38                                                                                                                                                                        
ISSN: 2087-0183 
 
32 
 
RESEARCH 
 
The Compatibility of Grafting between R. serpentina and R. 
verticilata  
 
Wartoyoa, Sulandjaria,b*, Sri Rossatia 
aDepartment of Agrotechnology, Faculty of Agriculture, University of Sebelas Maret, Jl. Ir. Sutami 36 A, Surakarta 57126, 
Indonesia 
bCenter of Biotechnology and Biodiversity Research and Development, Sebelas Maret University, Jl. Ir. Sutami 36A, 
Surakarta 57126, Indonesia 
 
 
Received: 8 February 2011 
Accepted: 29 March 2011 
 
 
Abstract 
Rauvolfia serpentina has great benefits viewed from both economic and medical 
perspectives, but it seems that there is lack of efforts to save the species from 
extinction. The root of R. serpentina contains more than 50 different kinds of 
alkaloids. These alkaloids have been proved to have benefited in cure a lot of 
disease. R. serpentina is an endangered species that lives in a forest, so action to 
save the species must be done immediately. These research is aim to find the 
scientific foundation about the compatibility of grafting between R. serpentine 
and R. verticilata with morphological and anatomical observations. The 
methods used in this research are including side grafting method and approach 
grafting method. The grafting between Rauvolfia Serpentina and Rauvolfia 
verticilata was compatible. The approach side grafting method was better than 
the side grafting method. The level of shading that conducive for the union 
formation was 50 % - 75 % with humidity level of 80 % - 90 % and air 
temperature was 28 °C - 26 °C  
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INTRODUCTION 
 
Rauvolfia serpentina has great benefits 
viewed from both economic and medical 
perspectives; however, it wildly grows and 
it has been stated as a scarce plant. Hence, 
preservation is absolutely required, among 
others, through the use of plant breeding 
efforts. From alkaloids containing in the 
roots of pule pandak, reserpine is the most 
important alkaloid for anti-hypertension (1). 
 
In its growth, R. serpentina is highly 
sensitive to environmental stress. It makes 
its leaves easily falling and more or less two 
months for its re-growth is required; 
therefore, obstacle has been found in 
photosynthesis producing and its partitions 
at root-canopy. Several previous studies 
showed that the roots of R. serpentina had 
highly regenerative characteristics; i.e. its 
higher meristematic cellular activities. On 
the other hand, the growth of R. verticilata is 
slower and it is only found in a small 
proportion; however, the biomasses within 
the upper part of plant are resistant to 
environmental stress and its leaves are not 
easily fallen. Stalk and branches are easily 
produces new shoots (2). Observing 
aforementioned individual excellence of 
species it is possible to conduct plant 
assembling through the use of grafting with 
R. serpentina and R. verticilata as lower- and 
upper-parts, respectively. However, what 
the best grafting method produces accurate 
union. 
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In improving the growth or yields of 
plant, effort to assembly two types of intra- 
or inter- species or similar genus, i.e. 
grafting, has been known. Grafting is a 
vegetative propagation technique by joining 
grafting, has been known. Grafting is a 
vegetative propagation technique by joining 
two different parts to make a union and 
produce new plant. Parts of plant that 
always available in grafting activity are the 
lower-part or rootstock and upper-part or 
scion (3). 
 
Successful grafting depends on the 
cambium union of each plant. However, its 
variability is highly great in its capability to 
produce union; hence, a particular plant will 
be easily to produce union, while some 
others is quite difficult or cannot produce 
union at all. Unsuccessful grafting 
(incompatible) may be due to one of 
grafting material has specific character that 
its pair has no possesses (4). 
 
The characteristic of successful 
grafting, among others, is that stock and 
scion is tightly attached through formation 
series: the appearance of cambium cells of 
stock and scion produce mass of callus 
layers produced from parenchyma cells. 
They join and blended each other; then, it 
the callus cells should be undergo 
differentiation to produce new cambiums, 
and then the new cambium will be re-
differentiated to become new xylems and 
phloem to produce vascular connection 
between stock and scion; hence, water flow, 
mineral and metabolism produced by scion 
and stock will be well flown with no 
obstacle. Unsuccessful grafting may caused 
by anatomical, physiological, and genetically 
reasons (3). 
 
According to Errea et al.(5), to produce 
successful grafting there should be a perfect 
union between rootstock and scion. Then, it 
is better that the pairs of grafting are made 
from similar species or genus; however, 
genetic differences have produced 
incompatibility in grafting. Different opinion 
states that successful grafting is affected by 
the attachment of compatible cells, 
plasmodesmata formation, vascular tissue 
connecting growth regulators and 
peroxidase. Protein, RNA and hormones 
available in phloem layer are also highly 
important during the tissue differentiation 
of compatible process (6). The incompatible 
condition may occur due to the presence of 
phenols mixed with smaller cells producing 
failed condition of union (5). The present 
research aimed to obtain scientific 
principles of compatible grafting of R. 
Serpentina and R. Verticilata based on 
morphological and anatomical observations. 
 
 
MATERIALS AND METHODS 
 
Rootstocks were produced from 
prepared R. serpentina that was cultivated 
in poly bag; aged ± 1 year and derived from 
root cuttings. Paranet shading was 25 %, 50 
%, and 75 %, respectively. Scions were 
produced from R. verticilata, derived from 
shoot cuttings to produce buds and seed-
derived for material grafting by using the 
approach grafting method. 
 
This research was conducted at Ngaglik 
sub-district, Sleman district by using 
following treatments: Shading spacing were 
25 %, 50 %, and 75 %, respectively. Grafting 
methods were the approach side grafting 
method and the side grafting method. 
 
Procedure: Selected stock and scion 
was preparing. Approach side grafting 
method was conducted by slicing the stems 
of R. serpentina and R. verticilata till 
cambiums were touched and then the two 
slices of each species were attached, then 
plastic tight binding was conducted. Buds of 
R. Verticilata were sliced and as soon as 
possible they were attached on the stock by 
previously slicing the stocks till cambiums 
were touched consistent to the slices of 
buds; then, plastic wrapping was used to 
produce tight attachment. 
 
Observation: Environmental factors, 
every week for two months, for light 
intensity, humidity and air temperature to 
obtain the best microclimate for union 
growth. Observations on union grafting of 
individual method at the ages of 1, 4, 8, 12 
weeks were conducted (external symptoms 
involving growth abnormality, union, dried 
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leaves, and decrease in vegetative growth 
and in growth strength).  
 
Successful grafting was rated by using 
following scores:  
4=Excellent Union  
3=Good, union with well-formed callus 
layers;  
2=Sufficient. Union was not perfectly 
formed; however, callus layer was 
formed;  
1=Poor; union was dried and no growth was 
detected in stock and scion;  
0=Dead/ failed/ incompatible 
 
 
RESULTS AND DISCUSSION 
 
Environment factors 
 
The research was conducted in 25 %; 
50 %; 75 %, levels of shading respectively. 
Microclimate beneath of the shading is 
presented in the table 1. 
 
Table 1. The microclimate beneath of the 
shading. 
 
Shading 
  (%) 
Light 
intensity 
(fc) 
Humidity 
(%) 
Air 
temperature  
 °C 
25 12.375 78.67 29.46 
50 9.112 83.33 28.33 
75 7.318 88.44 25.64 
Morphological and anatomical 
observations  
 
Approach side grafting method 
Morphological and anatomical 
observations of the approach side grafting 
method results is presented in the table 2 
and figure 1 – 3. Table 2 showed that the 
growth of grafting for all shadings was 
found in normal condition. No interruption 
indicating that the plants to be dead. In the 
shading at 25 %, numerous leaves of R. 
serpentina fell down although it was 
followed by new sprout buds; but they grew 
slowly. At the 50 % of shading, plants 
tended to achieve its height faster; this was 
possible due to the etiolating effects. While 
at 75 % of shading, the increase of plant 
height was slower; numerous leaves of R 
serpentine also felt down and the growth of 
buds seemed to be slower. At all levels of 
shading, the R. verticilata growth was 
tended to be insignificant. 
 
Figure 1(a) shows that at the shading of 
25 % the union was dried and numerous 
leaves at scion felt down (Table 2). The 
percentage of life samples at the 8 week 
observation was 77 %, maybe due of slow 
joining; and hence, cambiums were dry. In 
addition, at the 25 % of shading or light 
intensity to pass was 75 %; this caused  
 
Tabel 2. Morphological observations of approach side grafting method between 
R.Serpentina and R. Verticilata. 
 
 
 
Shading Age of the grafting 
(weeks) 
Life sample 
(%) 
Rate of leaves 
number 
Rate of high plant 
(cm) 
Score 
   R.s Ry R.s Ry  
25 % 1 100 9         11 31          30  
 4 100 7          6 34          35  
 8 77 6          6 34          36 2-3 
 12 77 6         6 37         40  
50 % 1 100 8         8 28.5        29.5  
 4 100 10       9 31           34  
 8 100 11      11 37          38 2-3 
 12 100 10      10 42          44  
75 % 1 100 7      10 37          37  
 4 100 5       10 37          37  
 8 100 6        9 38         39 2-3 
 12 77 6       10 38          38  
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lower humidity, i.e. 78.67 %; and air 
temperature of 29.46 °C (Table 1), produced 
lower grafting regeneration level in 
producing new cells. Therefore, water and 
nutrient translocations for metabolism 
process and photosynthesis were retarded. 
However, among the samples with 
durability to 12 weeks, normal growth was 
shown (Figure 1) and it was indicated that 
new parenchyma cells and callus layers had 
developed yet. Successful grafting highly 
depended on its environment, among 
others, light intensity, humidity and air 
temperature. Temperature ensured its 
effects on the grafting callus of apple (7). The 
shading of 50 % with light intensity to pass 
was 9.111 fc, humidity of 83.33 % and 
temperature of 28.33 °C (Table 1) was 
conducive for union growth.  
Figure 2(a) shows that attachment 
between the two plants indicated good 
results with small numbers of necrosis. 
Figure 2(b) shows that new parenchyma 
cells and callus cells had been developed, 
and later it was expected that they 
underwent differentiation to be new xylems 
and phloem in facilitating smooth water and 
nutrient transportation in plant metabolism 
process. Errea et al., (5) stated that for 
successful grafting, there should be perfect 
union between stock and scion.
  
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 1. (a) Approach side grafting between R. serpentina dan R. verticilata beneath of the shading after 8 weeks;   
(b) The transverse section.  
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 2. (a) Approach side grafting between R. serpentina dan R. verticilata beneath of the 50 % shading after 12 
weeks; (b) The transverse section.  
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 3. (a) Approach side grafting between R. serpentina dan R. verticilata beneath of the 75 % shading after 12 weeks; 
The transverse section. 
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Figure 3 shows that the growth of R. 
verticilata as scion was well developed; 
however, the growth of R. serpentina was 
retarded; numerous leaves felt down and 
the growth of shoots was slow. Sulandjari (2) 
stated that at the shading greater than 50 %, 
the growth of R. serpentina would be 
retarded and tended to be dwarf. The good 
growth of R. serpentina was at the shading 
of 20 % - 50 %. 
 
Side Grafting Method 
Morphological and anatomical 
observations on transverse section Side 
Grafting Method between R. serpentina and  
R. verticilata laid out on the table 2 and 
figure 1 – 3. 
Table 3 shows that the effects of 25 % 
shading level on percentage of life samples 
decreased from observation weeks 1 to 8. 
While at the level of 50 % shading, the 
decrease in life sample percentage was 
mostly found at the grafting age of 8 and 12 
weeks. The percentage of life samples at 75 
% of shading was higher compared to those 
of 25 % and 50 %. 
 
Visualization of morphological and 
anatomical observations of the Side Grafting 
method between R. serpentina and R. 
verticilata is shown on the figure 4 – 6. 
 
 
Tabel 3. Morphological observations of side grafting method between R. Serpentina               
and R. verticilata. 
 
Shading Age of the grafting 
(weeks) 
Life sample 
(%) 
Rate of leaves 
number 
Rate of high plant 
(cm) 
Score 
25 % 1 77 5 Dark Green  
 4 67 5  2 -3 
 8 55 6   
 12 44 6   
50 % 1 100 6 Soft Green  
 4 89 6  3 
 8 67 7   
 12 67 7   
75 % 1 100 6 Soft Green  
 4 100 7  2 -3 
 8 89 8   
 12 89 8   
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 4. (a) Side grafting beneath of the shading 25 % after 8 weeks; (b) The transverse section.  
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(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 5. (a) Side grafting beneath of the shading 50 % after 12weeks; (b) The transverse section. 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
Figure 6. (a) Side grafting beneath of the shading 75 % after 8 weeks; (b) The transverse section.  
 
Figure 4 shows that necrosis was found 
in cells where they attached. Jones (7) stated 
that higher temperature caused failure since 
parenchyma cells forming callus involved 
thin and soft layers, so that they were 
susceptible to dry followed with the dead of 
the tissues. More (8) stated that unsuccessful 
grafting was possibly caused by the 
unavailability of growth re-differentiation 
and phloem regeneration or due to necrosis 
at the grafting connective part. At the 50 % 
of shading with humidity of 83.33 % and 
temperature of 28.33 °C more callus layers 
(Figure 5) were developed compared to 
those at the shading of 25 %. While at the 
level of 75 % (Figure 6), the joining of 
parenchyma cells in stock and scion was at 
the humidity of 88.44 % and air 
temperature of 26.64 °C. Hartman et al., (3) 
stated that several studies found that the 
conductive humidity on the abundance of 
callus was detected at the humidity nearing 
100 %. Therefore, it was showed that the 
shading of 50 % - 75 % with humidity of 
83.3 % - 88.44 % was conducive to form 
good union at the single bud grafting 
between R. Verticilata and R. Serpentina and 
it was compatible.  
Finally we concluded that the grafting 
between Rauvolfia Serpentina and Rauvolfia 
verticilata was compatible. The approach 
side grafting method was better than the 
side grafting method. The level of shading 
that conducive for the union formation was 
50 %-75 % with humidity level of 80 %-90 
% and air temperature at 28 °C - 26 °C.  
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